Age gelation is a main defect in Ultra-high temperature (UHT) processed milk. It is a process with two stages which distinguished by loss of viscosity. It can be followed by measuring the apparent viscosity of the milk. A control (T 0 ) and four whole milk (fat 3.85%) samples fortified with Zinc (T 1 ), Ferrous (T 2 ) and Magnesium (T 3 ) individually and collectively (T 4 ) was processed by indirect heating UHT system at 145 ºC for six seconds. The UHT-processed milk samples were filled aseptically into Gamma ray pre-sterilized PET containers in a laminar flow cabinet sterilized shortly before filling by UV. The samples stored at 30 ºC for 60 days to investigate at 15 days intervals the effect of processing on apparent viscosity and appearance of the fortified milk and compared to control UHT milk (T 0 ). Results recorded during 60 days of storage showed a slight rise in viscosity in all samples. No changes in appearance have been observed during the storage period. UHT Zinc-milk has shown at all intervals insignificant increase. Only after 30 days of storage, milk-fortified with ferrous showed a significant increase in viscosity measured by spindle speed of 30 rpm (SS 30 ). Significant increases (p≤0.05) in viscosity were recorded within the fortified UHT-milk samples. Appearance and apparent viscosity can be adopted to follow gel forming in fortified milk with some minerals.
INTRODUCTION
Age gelation in ultra high temperature (UHT) processed milk is a main defect distinguished by the formation of a soft curd and loss in fluidity (Manji et al., 1986) . gelation is a two-stage process where proteolysis is followed by non-enzymatic physicochemical changes (Manji and Kakuda, 1988 (. It is formed by the aggregation of some micelles liberated from within casein micelles into the serum during heat processing to form a three-dimensional network (Harwalker, 1992 , Venkatachalam et al., 1993 . The aggregated network causes a gel formation when it reaches the critical concentration (McMahon, 1996) . Datta and Deeth (2003) reported that the viscosity of fresh UHT milk was 3.0 mPa.s., and the most important factors which influence the onset of gelation include storage temperature and proteolysis during storage. On the other hand, Walstra et al. (2006) reported that the viscosity of the raw whole milk was 1.93 mPa.s. Swartzel et al. (1980) found the gelation of UHT milk samples to depend heavily on the fat percent. The lower the fat percent, the sooner the gelling started.
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( ‫المجلد‬ 45 ( ‫العدد‬ ) 3 ) 2017 Kocak and Zadow (1985a) reported that the viscosity also depends on storage temperature; the viscosity of samples kept at 30 ºC increased during early storage stages, reaching a maximum of 8.5 mPa.s after 100 days of storage. McKellar et al. (1984) observed an increase in apparent viscosity and gel formation after 30 weeks in UHT milk processed by indirect heating. However, gelation is always preceded by a sharp rise in viscosity (Venkatachalam et al., 1993) .
UHT milk viscosity develops during storage due to the activity of the native milk plasmin and some extracellular bacterial proteinases produced by psychrotrophic bacterial contaminants in the milk prior to heat processing which may survive the severe heat treatment of UHT processing (Touch and Deeth, 2009, Tondo et al., 2004) . Although proteolytic activity is indirectly related to Age gelation (Kocak and Zadow, 1985a) , but it leads to sensory, chemical and physical changes in UHT milk especially during storage period (Rajmohan et al., 2002, Schokker and van Boekel, 1999) . These changes in stored milk lead in some cases to Age gelation which is also distinguished by increasing of viscosity rate. In addition, when the value exceeds 10 mPa.s, the UHT milk slowly is separated into "curds and whey" and then the viscosity sharply declines. A simple method to follow the development of Age gelation is to measure the apparent viscosity of the UHT milk (Nieuwenhuijse and van Boekel, 2003) .
Objective of this research was to investigate the change in apparent viscosity and appearance of stored UHT milk samples fortified with Zn, Fe and Mgindividually and collectively during 60 days of storage at 30 ºC, and to examine the adequacy of viscosity measurement as reliable technique to predict Age gelling.
MATERIALS AND METHODS
Milk: Three different batches of homogenized and pasteurized whole bovine milk were collected from Parmalat (Queensland, Australia) during July, 2011. Average concentrations of the main components of the collected milk samples were shown in (Table 1) . UHT milk sample fortified collectively (T 4 ); the same amounts of minerals were added to one litre of whole milk. Magnesium samples were prepared taking in consideration the original amounts of magnesium in normal bovine milk (~120 mg/l) (Walstra et al., 2006) . Anhydrous sodium citrate was added to magnesium samples to prevent fouling caused by the coagulation of milk proteins due to high concentration of free magnesium. 
Statistical Analysis:
The complete randomized design (CRD) was used. Statistical differences were determined by using Duncan's multiple range test at (P≤0.05) using Statistical Analysis System (SAS) Version (2002).
RESULTS AND DISCUSSION
The effects of the UHT processing on the viscosity of whole milk samples fortified with some minerals were investigated. UHT fortified milk samples (T 1 , T 2 , T 3 and T 4 ) were compared to control UHT milk (T 0 ) in appearance and apparent viscosity.
Shortly after the processing, UHT milk samples showed neither clots nor any change in appearance. Viscosity values of fortified milk samples (T 1 , T 2 , T 3 and T 4 ) measured by both spindle speeds at zero time (Table 3 & 4) were insignificantly close to that of control milk (T 0 ). However, the values were higher than that reported by Walstra et al. (2006) of raw whole milk. Most likely, this maybe is due to milk homogenization and other steps of the processing. After 15 days of storage at 30 ºC, all the values increased slightly. But only the viscosity of T 4 tested by (SS 30 ) increased significantly (p≤0.05) without any change in appearance, meanwhile samples tested by (SS 60 ) showed higher values and were significant (p≤0.05) in comparison with T 0 . Also, the tables (3&4) showed clearly that the heat treatment and storage (60 days/30 ºC) had no effect on T 1 compared to T 0 ; all values at all intervals, statistically were insignificant. Similarly, viscosity values of T 2 showed the same behavior except after 30 days of storage which indicated a significant increase in viscosity (p≤0.05). On the contrary, data of T 3 and T 4 showed significant differences in viscosity compared to T 0 . This unfavourable change may be attributed to the addition of sodium (Table 2) which relatively increases the viscosity of UHT milks Kocak and Zadow (1985b) . In comparison with the findings of Datta and Deeth (2003) , all recorded results of UHT milk samples were below 3.0 mPa.s. More than that, the viscosity values of stored samples were below the values observed (2.75 mPa.s) by Kocak and Zadow (1985a) during 60 days of storage at 30 ºC. This may be attributed to the severe indirect heating process which destroys most of the existed proteinases. Some enzymes may survive the treatment, but they have no ability to affect the caseins potentially in 60 days. Also, UHT processing probably makes the casein micelles more resistant to alterations that promote accumulation through the storage period of UHT milk (Venkatachalam et al., 1993) .
The changes in apparent viscosity of T 0 , T 1 and T 3 were characterized by a long delay period in which only slight changes occurred during storage life. But, data of T 3 and T 4 showed higher levels of viscosity in both spindle speeds. These results were in agreement with the results found by Kocak and Zadow (1985b) in which they found that adding of sodium citrate to milk prior to UHT processing might increase the levels of the viscosity.
All stored milk samples showed no changes in appearance. And no clotting or gelling was recognized. Comparing viscosity values at zero time and the end of the storage life (Table 5) , data of T 0 and T 1 measured by both spindle speeds increased insignificantly. In contrast, T 3 and T 4 showed significant rise in viscosity during 60 days of storage. On the other hand, it was observed that T 2 behaved in different way, viscosity of stored milk tested by SS 30 showed insignificant rise in contrast with that tested by SS 60 (p≤0.05).
UHT processing of milk-fortified with Zinc, Iron and Magnesium individually or collectively did not affect the viscosity of the milk. No clots in the lower portion of all milks' containers were observed during the 60 days of storage at 30 ºC and at 15 days intervals. Apparent viscosity can be adopted as a parameter to test Age gelation of fortified UHT-milk. 
